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1.[10] Given this series :
1 1 1 /4
1-24+=Z——4...=2 2
3 5 7 4
a. write a Haskell expression for a list piSeries whose elements are the terms of the series.
> piSeries :: [Double]
> piSeries = posNeg [ 1/n | n <- [1,3..] ]
> posNeg :: [Double] —> [Double]
> posNeg (x:y:ys) = x : -y : posNeg ys
b. write a Haskell function piFn so that piFn eps computes the value of T by adding all the
terms of the series whose absolute values exceed eps.
> piFn :: Double -> Double
> piFn eps = 4 * sum (takeWhile ((\x -> x>eps).abs) piSeries)
2. [5] The function maximum returns the largest element in a list. Define maximum for lists of type
[Integer] using foldr.
> maximum :: [Integer] -> Integer
> maximum (x:xs) = foldr (\y z -> if y > z then y else z) x xs

3. [15] Using monadic I/O, write a Haskell program that reads lines from the keyboard and
outputs “yes” after each line that is a palindrome, i.e., that reads the same forwards and
backwards (ignoring punctuation and the case of letters), and “no” after each line that is not
a palindrome. An example of a palindrome is

Madam, I’m Adam.

The program should quit when it receives the line “quit”, and it should print the number of
palindromes it has detected.

> palindromes :: I0 O

> palindromes = do np <- pal 0

> putStrLn (show np)

> return O

> pal :: Int - I0 Int

> pal n = do line <- getLine

> if Tine == "quit"

> then return n

> else

> if isPal Tine

> then do putStrLn "yes"
> pal (n+1)

> else do putStrln "no"
> pal n

> isPal :: String -> Bool

> 1isPal 1line = 1n == reverse 1n

> where

> Tn = map toLower (filter isAlpha 1ine)
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4. [15] Here is a grammar for prefix expressions:

Pfe = Num | Op Pfe Pfe

Num = Space Digit { Digit }

Digit :=0111213141516171819

Op =] =] =

Space ="' (i.e., a space character)

Using any of the Haskell parsers and parser combinators discussed in lecture notes or
suggested homework solutions, along with any prelude functions, devise a parser for this
grammar. The result of a successful parse should be a string consisting of a fully

parenthesized infix version of the expression.

> pfe :: Parser String
pfe = num
+HH+
do op <- operator
el <- pfe
e2 <- pfe
return ("(" +~ el + [op] + e2 + "))

VVVV VYV

Parser String

do char ' '
d < digit
ds <- many digit
return (d:ds)

num ::
num =

VVVYV YV

\%

operator :: Parser Char
operator = char '+' +++ char '-'

Tyt

+++ char

\%

5. [15] Prove that
r ‘elem” (xs++ys) = r “elem” xs || r “elem” ys
given these definitions:

elem a [] = False
elem a (b:bs) = a=b || elem a bs

(1 + Qs = 0s
(p:ps) ++ gs = p : (ps+as)

True || _ = True
False || z=2
You may assume that (||) is associative.

Proof:
Case []
r “elem” ([J++ys) = r “elem” [] Il r “elem’
= { defs (++), elem }
r “elem” ys = False ||l r “elem ys
= { def. (CII) }
r “elem” ys = r “elem ys
= { iden }
true
Case (x:xs)
r “elem” ((x:xs)++ys)
= { def. (++) }
r “elem” (x:(xs++ys))
= { def. elem }
r==x ||l r “elem’ (xs++ys)
= { induction hypothesis }
r==x |l (r “elem” xs Il r “elem  ys)
= { lemma: (Il) is associative }
(r==x 11 r “elem” xs) |l r “elem ys)
= { def. elem }
r “elem” (x:xs) Il r “elem” ys)

YysS
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6. [15] Assuming that x and y are integers, use the method of weakest preconditions to
determine whether the following Hoare triple is True.

{y+x=8} x,y=2y+4, x-2; x=x+y {y+x>2}
y+x=8 = wp(“x, y:=2'y+4, x-2; X =x+y, y+x>2)

= {def. of §’
y+x=8 = wp(“x, y =2y +4, x-2", wp(“x = x+)', y+ x> 2))
= {def. of ="}

y+x=8 = wp(“x, y = 2:y +4, x-2", (y+ x> 2)}, )
= {substitution}

y+x=8 = wp(“Xx,y =2y +4, x-2", y+ x+y> 2)
= {simplification}

y+x=8 = wp(“x, y:=2y+4, x-2", x+2:y > 2)
= {def. of :="}

y+x =8 = (x+2-y > 2);‘_';4‘ 2
= {substitution}

y+x=8 = 2.y+4+2(x-2)>2
= {simplification}

y+x=8 = y+x>1
= {simplification}

8 > 1
= {numbers}

true [ |

7. [5] Give a guarded-command equivalent of the following C code:

while( 0 < x )
if(b<x)x=x-b;
b = bt2;
An equivalent:
doO<x sifb<x >x:=x-bl b>x >skip fi od ;

b=b+2

8. [5] Give the type (if any) of the following expression, assuming that integer and bool are
distinct types
if 3<2 and p<2 then x+5 else z<4
a. assuming static type checking
type error: the true branch has type integer, and the false branch has type bool.
b. assuming dynamic type checking
the type is bool because the guard is false
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